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t»*4My  I 

Tests  were  conducted'  to  evaluate  the  airspeed  and  direction-sensing  capability  of 
the  Elliott  low  airspeed  sensing  and  indicating  equipment  system  (LASSIE  II).  The 
system  included  the  basic  dual-axis  probe,  an  electronic  package  including  a 
linearir.ation  circuit,  a pressure  altitude  sensor,  and  a vertical  speed  computer.  The 
probe  is  a pivoted  vane  designed  to  align  vidth  resultant  flow  and  incorporates 
equipment  which  measures  angles  in  all  directions  from  the  vertical.  The  probe  ^ 
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0.  Abstract 


also  measures  total  and  static  pressures.  Th‘  measured  data  are  used  to  calculate 
airspeed  components,  sideslip  angle,  altitude,  and  vertical  motion.  The  testa  were 
conducted  in  an  NUH*1M  helicopter  at  Bishop,  Oxnard,  and  Edwards  Air  Foirce 
Base,  California,  from  December  1972  to  September  1974.  In  its  final 
conEguretion,  the  system  provided  repeatable  airspeed  components  that  wen 
essentially  linear  except  when  operating  in  ground  effect.  The  syatem  alao  provided 
altitude  and  vertical  motion  information  that  was  superior  to  that  obtained  from 
the  aircraft  standard  systems.  Incorporation  of  an  ambient  temper»ture  probe  and 
calculation  of  the  true  airspeed  and  antfe  of  attack  uvuld  yitld  a complete  air 
data  system. 
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DI.STRIBUTION 


BACKGRO^’WD 

1.  Engineering  flight  test  of  helicopters  aivd  VSTOL  aircraft  require*  accurate 
airspeed  information  from  hover  to  approximately  3S  knots  rearward  and  tiJeward, 
and  200  knots  forward.  In  addition,  vertical  speeds  from  zero  to  4000  feet  per 
mirute  (ft/min)  must  be  measured  to  adequately  assess  ain^ft  pwrformenco  and 
maneuvering  capability.  In  1968  a rsquest  for  proposal  (RFP)  was  isoutd  (ref  1, 
app  A)  for  design  and  development  of  a low  airspMd  system  adteble  for  use  during 
engineering  flight  tests.  The  Uniteci  States  Amiy  /.viation  Systems  Cormnand 
(AVSCOM)  requested  the  United  States  Army  Aviation  Engineering  Ftl^t  Aclivity 
(USAAEFA)  to  conduct  theoretical  or  flight  evaluation);  of  low  ais»p^  systems 
(ref  2).  Five  experimental  or  prototype  low  airspeed  systems  have  h«e;t  pre^ously 
tested  by  USAAEFA.  These  systems  include  the  single^ixis  Elliott  Chs 

Aeroflex  true  airspeed  vector  system,  the  LOEAJS  II  system,  tlie  J-TEC  sj'SteiTi, 
and  the  Rosemount  system  (refs  3 through  ?).  The  single-axis  EUJott  systen^ 
meas''Tcd  only  the  resultant  velocity  and  the  ungle  between  the  vertical  and 
longitudinal  axes  of  the  aircraft,  program  was  to  evalunte  flic  addition  of 
the  lateral  axis  to  the  Elliott  system  and  incorporation  of  equipment  to  Increase 
system  capability  and  performance. 


TEST  OBJECTIVES 

2.  The  overall  test  objective  was  to  evaluate  the  Elliott  low  ainpeed  sensing  and 
indicating  equipment  system  (LASSIE  1!)  as  an  accurate  source  for  airspeed  and 
other  air  data  intormation.  Specific  objectives  were  to  determine  the  following: 

a.  Fffect  of  the  dual-oxis  modification  on  liispeed  system  performance. 

b.  Accuracy  of  altitude  and  ratt-of-clin'.b  indications. 

c.  Ihc  effectivenes.“i  of  the  electronics  in  compensating  for  the  diseontiiiuity 
which  occurs  when  the  in-obe  transitions  front  rotor  wake  to  free  stream  air. 


DESCRIFTIOW 

3.  The  Elliott  low  airspeet*  system  5s  manufactured  by  Elliott  KU,{ht  Automation 
Ltd,  Airport  Works,  Rochester,  Kent,  England.  In  the  United  States  the  equipment 
is  the  responsibility  of  E-A  Industrial  Corporation,  Chamblee,  Georgia,  the  associate 
company. 


4.  rhe  system  indu'^^a  a swivoting  total  and  static  pressure  sensing  probe,  a 
computer,  and  airspcicd  indicators  »br  three  axes.  System  components  are  shoAfn 
in  photo  A.  'Ore  resultant  '’xwnwasli  aligns  the  probe  with  lo-d  relative  wind 
(vector  sum  of  aircraft  velocity  and  rotor  induced  velocity,  and  provides  adequate 
dynamic  pressure.  ITic  angle  of  the  probe  and  the  differential  pressure  are  used 
to  calcula*'^  aircraft  speed  and  relative  wind  direction.  Static  pressure  is  measured 
and  rate  of  chnnge  is  calculated  to  provide  rate-of-climb  information.  Photographs 
and  a detailed  description  of  the  system  and  its  operation  are  presentixl  in 
appendix  6 Tlic  airspeeds  presented  to  the  pilot  are  longitudinal,  latcial,  and 
vertical  components.  A resultant  is  not  presented,  nor  is  angle  of  attas  h r - itjgJc 
of  sideslip  calculated.  Free  air  temperature  is  not  measured  and  the  ( -mputer  uv^cs 
not  calculate  tme  airspeed. 
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llioto  A.  Elliott  Low  Airupecril  Sensing  and  Indicating  Equipment. 


5.  Tlie  test  aircraft  was  a U’ ' -IM  helicopter,  serial  number  63-8684,  manufactured 
by  IJelil  Helicopter  Company.  A detailed  description  is  contained  hi  the  operator's 
manual  (ref  8,  app  A). 
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6.  The  EJliott  lov/  airspeed  syateiri  was  tested  by  USAAEFA  between 
6 December  1972  and  10  Se.^rtetnber  1974.  Flight  conditio?  i were  within  the 
limitations  contained  in  the  safety-of-fUgS^t  release  and  the  opejaitor's  manual.  Most 
flights  were  conducted  at  a mid  center  of  gravity  (eg)  and  on  engine  start  gross 
weight  of  approximately  7000  pounds.  One  flight  was  conducted  at  an  aft  eg  and 
one  flight  utilized  an  engine  start  gross  weight  of  S.500  pounds  to  evaluate  the 
effects  of  weight  and  eg. 

7.  Tests  were  conducted  in  longitudinal  and  lateral  flight,  in  ground  effect  (IGF.) 
and  out  of  gremnd  effect  (OGE),  and  during  static  and  dynamic  conditions.  The 
probe  was  mounted  in  six  different  locations  on  the  aircraft  to  determine  the  effects 
of  varying  position.  The  locations  are  shown  in  figure  A. 


TEST  METHODOLOGY 

8.  The  Elliott  low  airspeed  system  was  tested  at  low  airspeeds  (zero  to  50  knots) 
near  the  ground,  using  the  pace  car  calibration  technique.  A calibrated  fif  th  wheel 
attached  to  the  pace  cor  was  used  to  measure  ground  speed  along  the  flight  path. 
Ground  speed  was  corrected  for  wind  to  obtain  airspeed  information.  Tests  were 
also  conducted  with  the  aircraft  in  a tethered  hover  at  various  ambient  wind  speeds 
and  relative  azimuths.  The  tethering  equipment  included  a load  cell  which  provided 
information  concerning  the  thrust  at  each  hover  condition.  During  the  hover  tests, 
three,  wind  towers  were  located  around  the  helicopter  400  feet  from  the  tether 
point  (120-degree  spacing).  On  each  tower,  local  wind  speeds  and  directions  were 
measured  at  6 feet,  14  feet,  and  65  feet  above  the  ground. 

9.  High-speed  data  (20  to  1 10  knots  indicated  airspeed)  (KIAS)  were  referenced 
to  the  calibrated  test  Inxim  system,  llie  angles  of  attack  and  sideslip  were  measured 
with  boom-mounted  flow  vanes.  The  rate  of  climb  was  derived  from,  both  the 
test  boom  pressure  data  and  radar  altimoter  data. 
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Figure  A.  Sensor  I.ocaflona  ow  the  UH-^M  Helicopter 
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RISULTS  AfiR  DISCUSSION 


GENF.EAL 


10.  Ths  basic  dual^axis  probe  provided  longitudinal  and  lateral  asispeed 
information  with  similar  characteristics  and  quality  to  that  obtained  in  the 
longitudinal  direction  v/ith  the  single-axis  probe.  The  application  of  an  electronically 
generated  correction  to  the  system  output  produced  an  essentially  linear  airspeed 
indication  with  less  than  a 5-knot  error  at  hover.  The  system  provided  altitude 
and  rateof-climb  information  superior  to  that  available  from  the  aircraft  standaicd 
systems. 


AIBSPEKD  SYSTEM 


Basic  Uual'Axis  Prabe 


11.  The  characteristics  of  the  basic  dual-axis  probe  are  shown  in  figures  1 
through  24,  appendix  D.  Data  are  presented  for  various  locations  to  show  the 
effects  of  downwash  velocity  and  direction  as  well  as  interference  from  fhselage 
or  tail  rotor.  As  expected,  each  location  produced  unique  position  error  data.  All 
characteristics  are  similar  and  the  results  are  equally  good.  In  both  cases,  there 
is  a discontinuity  as  the  probe  transitions  from  the  rotor  downwash  to  free  stieam 
air.  Test  results  shown  in  figures  1 through  S establish  the  repeatability  of  the 
data  from  each  probe  location.  Figure  6 shows  a comparison  of  data  obtained 
with  the  aircraft  ballasted  to  an  aft  eg  compared  to  data  at  the  normal  mid  eg. 
Aircraft  eg  would  be  expected  to  have  an  effect  on  the  calibration  since  the  angles 
of  the  probe  are  measured  relative  to  the  aircraft  longitudinal  axis  and  pitch  attitude 
changes  significantly  with  eg  at  low  airspeed  (approximately  1 dcg.-ec  per  inch 
of  eg  change  for  the  test  aircraft).  The  data,  however,  do  not  show  a signifleant 
effect.  Possibly  the  accompanying  vertical  position  change  relative  to  the  rotor 
(with  attitude  change)  has  a compensating  effect. 


12.  System  performance  in  sideward  flight  is  illustrated  by  figures  7 through  10, 
appendix  D.  Qraracteristics  are  similar  to  those  in  foi’ward  and  rearward 
and  are  basically  the  same  for  both  dual-  and  single-axis  probes.  The  transition 
point  occurs  at  a lower  speed  when  flight  is  in  the  direction  of  the  probe  location, 
ie,  right  sideward  flight  with  the  probe  mounted  on  the  right  side.  Figures  9 ar.  1 10 
snow  an  essentially  symmetrical  curve  when  the  probe  was  mounted  near  <’hc 
fuselage  center  lino.  However,  the  transition  appears  to  occur  about  2 knots  slower 
in  ri^t  sideward  flight  thin  in  left  sideward  flight,  and  the  pressure  change  is 
more  abrupt. 


13.  Sideslip  effects  in  forward  flight  arc  presented  in  figures  11  through  15, 
appendix  D.  The  dual-axis  probe  was  influenced  less  by  sideslip  than  was  the 
single-axis  probe,  since  it  was  able  to  align  with  tmd  measure  sideslip  angle.  In 


all  probe  locations,  the  sideslip  effect  increased  with  forward  speed,  llic  smallest 
position  error  and  the  least  change  with  sideslip  angle  occurred  at  an  airspeed  of 
./I  knots  calibrated  airspeed  (KCAS).  Other  airspeeds  tested  did  not  sho^\ 
consistent  trends  or  characteristics  for  the  various  probe  locations. 

Du-sl-Axis  Probe  With  Airsttcctl  liincariyattion 

14.  Ihe  effect  of  the  electronic  correction  .signal  on  the  airspeed  output  is 
prt  ented  in  figure  26,  appendix  D,  A comparison  of  the  basic  prone  results  with 
-.he  corrected  output  is  sliown  in  figure  B.  At  airspeeds  near  hover  the  error  with 
linearization  applied  is  less  than  5 knots,  and  the  output  is  linear  and  repeatable. 
Tlie  longitudinal  data  in  figure  26  suggest  that  the  probe  transitions  from  downwash 
to  the  free  stream  at  an  air.specd  of  20  knots.  The  tiansiti.,m  point  is  clearly  ev-dent 
in  the  lateral  airspeed  output.  However,  the  pilot  was  not  aware  of  longitudina 
icwcated  airspeed  change  with  transition,  as  was  the  ca.se  prior  to  adding  the 
hucarization  network.  In  addition  to  improving  the  low-speed  and  transition 
characteristics,  th"  error  at  100  knots  was  reduced  from  13  to  4 knots. 


Figure  m.  Effccta  of  Lincnrlzatioii  on  System 
Perforinanco  in  I.cvx . Fli^it. 
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15.  General  system  perfonnance  in  tideward  flight  was  not  changed  by  the 
linearization,  as  is  seen  by  comparing  figures  8 and  27,  appendix  D,  Characteristic 
errors  caused  by  sideslip  in  forward  flight  are  sinkllar,  although  die  position  error 
near  zero  sideslip  is  considerably  reduced  by  the  longitudinai  correction  signal. 

16.  i’rior  to  the  lim  arization,  the  d?ta  above  trs  'sition  h^d  a slope  greater  than  I 
and  crossed  the  line  of  zero  error  ne.'.r  5^  knots.  The  linearized  data  had  a slope 
less  than  1 at  SO  knots  in  level  fUglit,  and  the  error  at  tb**  airspeed  was  increar  4 
by  tire  lineari;,.ation,  as  shown  by  the  trim  point  in  T'^’ire  '29,  appendix  D.  Errors 
with  ang'  ■ of  attack  (rates  of  climb  or  descent)  retlect  the  same  cli  iractcristics 
found  pt.K/r  to  linearization. 

17.  The  linearization  signal  did  no*  change  the  system  performance  with  respect 
to  ground  effect,  as  shown  by  figures  22,  31,  *ind  33,  appendix  D.  In  all  cases 
the  ground  effect  i-.tused  the  airs(Mied  system  tc  read  low  by  5 to  10  knots.  There 
wore  also  a'^ded  fluctuations  In  the  output  sigtial 

18.  Tl./uf  (gross  weight)  eifccts  on  the  Elliott  low  airspeed  system  arc  presented 
in  figures  31  through  33,  appendix  D.  ’ITic  CX5E  tethered  hover  data  shown  in 
figure  32  encompass  a thrust  range  from  6600  u 10,300  pounds  ••'nd  show 
essentially  zero  error  for  the  total  thrust  variation.  The  data  were  recorded  for 
vaioiis  headwind  velocities,  and  gusts  contributed  to  the  data  scittcr  shown.  The 
IC tethered  hover  reflects  the  Increased  static  pressure  field,  and  sliows  a trend 
of  reduced  indicatec  airspeed  with  higher  thrust. 


ALTITUDE  8YSTKM 

19.  The  altitude  sensing  portion  oi  the  system  was  added  when  the  linearization 
network  was  installed.  Altimeter  results  can  be  correlated  with  pressures  obtained 
with  the  basic  dual-axis  probe.  ’Hie  altimeter  error  in  low-speed  flight  is  presented 
in  ligi.irc  34,  appendix  P,  The  error  shown  is  the  difference  in  the  indicated  altitude 
and  a standard  based  on  a barometric  pressure  reading  at  ground  level,  to  which, 
i;  added  the  Iicight  above  ground  level  from  a calibrated  radar  altimeter.  A 
comparisc.i  of  figures  2 and  34  shows  a similar  high  static  iiressur,  area  from 
20  to  40  knots  wliidi  causes  the  altimeter  to  road  low  by  as  much  us  30  feet 
whi' w (XrH.  Ilie  error  is  near  zero  at  50  knots.  As  airspeed  increases  the  altimeter 
produces  increasingly  liigher  indicated  values.  Low-speed  pace  flight  data  in 
figure  35  show  the  .same  ehanrtcristics  for  OGE  hover,  and  an  increased  statu 
pressure  field  for  KJE  hover  and  low-speed  conditions. 

20.  Increasing  thrust  while  fXJE  causes  no  change  in  the  altimeter  error,  as  sliow 
by  figure  36,  appendix  1>.  For  «GE  liovcr,  increasing  thrust  from  7000  to  I0,3CH' 
ixninds  caused  a reduction  of  10  to  15  feet  in  the  altimeter  indication. 
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21.  The  Elliott  vertical  speed  indication  is  obtained  by  differentiating  the  static 
pressure  signal  with  respect  to  time.  The  rateK>f-clbnb  results  are  shown  in 
figures  37  through  39,  appendix  D.  Indicated  values  from  the  test  system  are 
compared  to  standards  from  the  radar  altimeter,  radar  vertical  climb,  and  the 
calibrated  pitot-stitic  system  mounted  on  the  airspeed  boom.  The  common 
characteristic  in  all  the  data  was  a slope  less  than  1.  As  a result,  the  LASSIE  II 
system  was  accurate  at  low  values  of  vertical  velocity,  but  read  low  at  high  rates 
of  climb  or  descent.  Tlie  difficulty  of  choosing  a standard  with  which  to  compare 
the  test  system  is  apparent  from  figures  37  through  39.  On  the  basis  of  thr 
instrument  capabilities,  the  most  accurate  standard  is  obtained  by  reading  the  slo' 
of  the  radar  altitude  versus  time  curve.  The  next  best  standard  should  be  the  avei 

of  the  radar  rate-of-dimb  data.  The  differentiation  circuit  within  the  radar  aUimet..- 
introduces  data  uncertainty  and  probably  accounts  for  the  scatter  shown  in 
figure  39.  The  least  accurate  standard  is  the  slope  of  the  boom  altitude  versus 
time  curve. 

22.  When  first  installed,  the  vertical  speed  indicator  (VSl)  had  large,  rapid,  random 
fluctuations  which  rendered  it  unusable.  A fault  was  found  in  the  circuit  design 
and  was  corrected.  This  correction  improved  the  output  significantly,  but  moderate 
erroneous  fluctuations  were  still  present.  Increased  damping  of  the  signal  improved 
the  indication  sail  further.  The  final  modification  provided  usable  vertical  speed 
indications  even  in  the  low  airspeed  regime  Qess  than  35  knots).  Fur^  'cr 
optimization  of  the  response  and  damping  should  improve  system  performai  ce. 

23.  For  comparative  purposes,  an  evaluation  of  the  aircraft  standard  VSl  system 
was  conducted.  In  addition,  the  static  pressure  from  the  test  boom  system  was 
input  to  the  standard  indicator  and  the  resulting  performance  was  examined.  Both 
test  configurations  showed  vertical  speed  errors  as  large  as  700  to  800  ft/min, 
wliich  is  unusable  in  the  low-speed  regime. 


S 


COMCWilOliS 


(;kneral 

24.  The  dual-axis  probe  placed  in  the  rotor  wake  provides  a good  source  for 
airspeed  and  flow  direction  infonnation,  as  well  as  static  pressure  and  static  pressure 
changes.  The  'Electronic  shaping  of  the  output  can  correct  for  position  error  and 
produce  repeatable,  accurate  airspeed  information  OGE. 


SPECIFIC 

25.  The  LASSIE  II  indicated  airspeed  characteristics  and  data  discontinuity  at 
transition  from  the  rotor  wake  to  free  stream  were  similar  to  the  single-axis  probe 
(para  12), 

20.  The  linearization  electronics  greatly  improved  the  system  output  and  rendered 
the  discontinuity  imperceptible  to  the  pilot  (para  14). 

27.  Ground  effect  caused  the  airspeed  system  to  read  low  by  5 to  10  knots  when 
hovering  at  skid  heights  of  10  feet  or  less  (para  17). 


28.  The  vertical  speed  information  from  the  Elliott  low  airspeed  system  is  better 
than  that  produced  by  the  standard  system  or  the  test  boom  system  (paras  22 
and  23). 


29.  Consideration  should  be  given  to  development  of  a single  cockpit  instrument 
which  displays  airspeed  and  direction  information  (para  4). 

30.  A temperature  probe  and  associated  computer  capability  riiould  be  added  so 
as  to  provide  complete  air  data  iifoimation  (para  4). 

31 . The  linearization  electronics  or  the  probe  dedgn  should  be  farther  optimized 
to  provide  a zero  error  at  all  airspeeds  (para  16). 

32.  The  altitude  measuring  systems  s^<ould  be  improved  to  account  for  ground 
proximity  and  airsp'^d  effects  (punv  19  and  20). 

33.  An  improved  rate-ofolimb  standard  should  be  used  in  future  tests  to  better 
define  the  actual  performance  of  the  Elliott  low  airspeed  system  (para  21). 


AmNom  A.  ftifiiifMcii 
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APPMUmX  SYSTIM  DaiCiirTION  AMD 
THIOKY  or  OMRATIONS 


1 . The  syitcm  coniiits  of  an  alnpeed  probe,  a rate  tranaducer,  a VSIi  longitudiiul 
and  lateral  airspeed  Indicators,  and  a computer.  Photos  1 throuf^  5 show  the 
airspeed  probe  and  typical  teat  inatidlatiom. 

2.  The  swiveling  dual^xis  pitot-static  probe  (type  OS-006-01)  is  a standard 
pitot-static  nensinj  head  with  four  peiiph^  static  parts.  The  dumilar  vane,  with 
space  wedges  at  120  degrees,  is  sU^tiy  unbalanced  to  permit  pendulous  action. 
Two  synchro  resolvers  are  mounted  witiiin  the  assembly  to  measure  the  probe 
angular  position.  The  total  and  static  air  pressures  are  piped  to  the  ahtpeed 
computer  along  with  the  probe  angk  signals  from  the  synchro  resolven. 

3.  The  rate  tranaducer  (type  dO-SK-SdS?)  is  an  eleotromechantcal  design  and  haa 
a gearbox  to  drive  synchros  and  potentiometer  outputs.  Also  contained  in  the  unit 
is  an  electrical  force  balance  transducer  which  is  v od  as  a pressure  altitude  sensor. 
This  unit  produces  the  pressure  altitude  and  iste  of  climb  which  tie  displayed 
on  the  cockpit  indicators.  These  signals  may  also  be  recorded  by  an  initnuncntatlon 
system. 

4.  The  VSI  (type  71-01 2-01)  contains  a servo  ampUfler,  motor,  and  position 
feedback  potentiometer.  Input  signals  supi^ed  from  the  mte  transduceT  are  fed 
into  the  instrument  servo  ampMer  which,  in  turn,  drives  the  motor,  lotion 
feedback  from  the  potentiometer  wltliln  the  InsCiument  is  fed  back  to  the  rate 
transducer  VSI  control  amplifier. 

5.  The  longitudmal  airspeed  indicator  (type  71-011-01)  consists  of  a stepper 
motor  and  a feedback  potentiometer.  This  provides  an  indicator  rstie  signal  and 
position  signal  which  is  fed  back  to  ttie  airspeed  computer.  The  signals  are  summed 
v/iMi  the  computer  longitudinal  airspeed  and  are  checked  by  the  servo  monitor. 
Detected  failures  are  indicated  by  a waroing  flag  on  the  indicator. 

6.  The  lateral  airspeed  indicator  (type  71-0104)1)  is  similar  to  the  longitudinal 
indicator  and  operates  in  the  same  manner.  Pressure  altitude  is  indicated  on  an 
AAU-19  servo  altimeter. 

7.  If  the  pitot 'Static  probe  is  mounted  below  the  rotor,  and  is  arranged  to  rotate 
such  that  it  is  always  pointing  into  the  resultant  flow,  then  the  sensed  impact 
pressure  will  be  proportional  to  the  vectorial  sum  of  the  induced  and  transitional 
''omponentB  of  air  velocity.  The  fundamental  relationships  Involved  are  illustrated 
in  figure  1. 


Figure  1.'  ftetoUrtioit  of  ttaw  Uiiider  the  Rotor. 


Where: 


V = Rcjultant  airflow 

V “ Forward  $peccl 

V « induced  fiow 

i “ Rotor  incidence  anj^e 
c ^ Probe  angle  relative  to  fbselage 


8.  Since  at  ow  air»peed  i is  sniaU  t:.id  at  high  ainpeed  v is  small,  the  equation 
can  be  simpIltlM  and  hodzoirtal  airspeed  ran  be  r^btalned  from: 


V »>  V cos  tt 


Ifi 


Tilia  »mngeine<it  has  iievrral  tlundaitMnnial  mmtnttfes: 

a.  The  aoiisor  wiU  never  be  ws|itdred  to  measure  im|Mct  prewure  less  then 
about  1. 0 millibar  (0.19  inch  of  mercniy),  tinoe  in  every  knomi  operational 
helicopter  thd  resultant  Slaw  (y)  exceeds  2S  knots  in  a hover. 

b.  Reversal  of  (li|ht  direction  produces  a reversal  of  sign  in  the  output, 
thus  indicating  direction  of  motion  of  slrflrarre  leluthe  to  heading. 

c.  The  static  source  will  be  aligned  with  the  local  aintieam,  thua  ininimiiEing 
the  effects  of  flight  attitude,  motion,  and  aiiersft  configuration  (/e,  doors  open/riiut, 
external  weapon  loads,  etc.). 

9,  The  vector  geometry  of  the  dual-axis  system  is  Uhutrated  in  figure  2,  from 
which  it  may  be  seen  that: 

Fore/sft  airspeed  (Vp)  « V cos  o cos  /J 


Sideward  airspeed  (V^)  « V sin  |3 


Where: 


V » Resultant  airflow 
a » Probe  angle  relative  to  fliielsge 
“ ftobe  angle  relative  to  aircraft  datum  in  roll/yaw  plane 


S fnaed 

/.i.rsp««d 
V hilt  0 


Solid  lines  " Raaultsnl:  alrstraam  vac»;or  (V)  • 
and  components  In  aircraft  axes. 


Dashed  lines  *j  Aircraft  referanca  axa«. 
(Uotted  lines  - Construction  only) 

flgura  2.  Tw^Axis  Raaolutkin  of  Flow  UnAwr  Rotcr. 


It  is  abo  apparent  from  figure  2 that  while  the  probe  is  witWn  the  downwash 
it  is  possible  to  compute  the  vertical  component  of  velocity  relative  to  the  aikframe 
from  the  available  data.  In  addition,  an  indication  of  the  magnitude  and  direction 
of  tlic.  thrast  vector  is  available. 


AS^f^INDlX  C.  VIST  HUSTSUMilMTATION 


1.  The  following  panuneten  were  recorded  on  board  the  litcraft  on  magnetic 
tape  and  tranimitted  via  tekmetry. 


Parameter 

(B)‘  Thne  of  day 
(B)  Correlation  cou  nter 
(B)  Event 

Cargo  hook  load  (lov  range) 
Cargo  hook  load  (high  range) 
(B)  Fuel  uaed  (flne) 

(fi)  Fuel  used  (coaiae) 

Fuel  temperatuiv 

Outeido  air  temperature  (total) 

Altitude  #1  (boom) 

Altitude  #2  (bocm) 

Altitude  #3  (boom) 

Airspeed  (boom) 

Radar  altitude  (flne) 

Radar  altitude  (coaiae) 

Vertical  velocity  (fine) 
Longitudinal  cyclic  position 
Tjiteral  cyclic  position 
Pedal  position 
Collective  position 
Twist  grip  position 
Kotor  speed  select  position 
Angie  of  attack  (boom) 

Angle  of  sideslip  (boom) 

Pitch  attitude 
Roll  attitude 

(B)  Airurafl  headkig  (magnetic) 
Fitch  rate 
Roll  rate 
Yaw  rate 

CG  longitudinal  acceleration 
CG  lateral  acceleration 
CG  vertical  acceleration 
Fuel  flow  rate 
Compressor  speed  (Nj) 


Woiainal  Caihratfcm  Ra— e 

Days,  hr,  min,  sec,  milUaec 

Zero  to  127  omints 

Off/zeiD,  pUot/64,  engr/128  o;junts 

Zero  to  2500  lb 

2000  to  4500  lb 

Zero  to  25.5  gal 

25.5  gal/count 

-10  to  +50TC 

-10  to  +50*C 

>500  to  5000  tt 

4500  to  10,000  ft 

9000  to  18,000  ft 

20  to  125  kt 

Zero  to  100  ft  AGL 

Zero  to  1000  ft  AGL 

±3000  ft/min 

Zero  (forward)  to  100  percent 
2^ro  OePt)  to  100  perc^t 
Zero  (left)  to  100  percent 
Zero  (down)  to  100  percent 
Off,  flight  idle,  flight  governing 
Zero  (Anil  decrease)  to  100  percent 
-45  (vane  nose  up)  to  +45  deg 
■45  (vane  nose  toft)  to  -K5  deg 
-30  (nose  down)  to  +30  deg 
-60  (bank  left)  to  +60  deg 
Zero  to  360  deg 
-30  (noie  down)  to  +30  deg/sec 
-60  ^ank  left)  to  +60  deg/sec 
■60  (nose  left)  to  +60  deg/sec 
±0.5g 
±0.5g 

-2.5  (upward)  to  zero  g 
Zero  to  120  gal/hr 
65  to  105  percent 


'B;  Bilovel  channel  (all  others  zero  to  S^volt  DC  analog) 
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.V* 


m 
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Output  shaft  speed  (N2) 

Rotor  speed 

(B)  Rotor  azimuth  (blip) 

Engine  torque  pressure 
, (E)^’  ^ngitudinal  calibrated 

airspeed  (cuatse  uncorrected) 
(H)  Longitudinal  calibrated 
airspeed  (flne  unconected) 
(E)  Lateral  calibrated  airspeed 
(E)  Sin  alpha  (AHIS) 

(E)  Cosine  alpha  (AHIS) 

(P)  Sin  beta  (AHIS) 

(E)  Cosine  beta  (AHIS) 

(E)  Total  velocity 
(E)  Downwash  velocity 
Ship's  static  pressure 
(E)  Altitude  (coarse) 

(E)  Altitude  #1  (fine) 

(E)  Altitude  #2  (fine) 

(E)  Altitude  (E-coU) 

(E)  Vertical  velocity 
(N)®  Dew  point  temperature 
(TB)*  lift  margin  or  effective 
gross  weight  or  maximum 
standard  torque 
(TUi  HLMS  nag 
(T)  Air  density  ratio,  calculated 
(T)  Effective  gross  weight 
(T)  Compressor  irilet  temperatuie, 
numerator 

(T)  Compressor  inlet  temperature, 
denominator 


5800  to  6800  rpm 
250  to  350  rpm 
Ze  o to  255  counts 
Zero  to  61  pel 

■40  to  +130  kt 

■40  to  •t40  kt 
■40  to  +40  kt 
Zero  to  +1 
-1  to  +1 
-1  to  +1 
-1  to  +1 
Zero  to  130  ki 
Zero  to  40  kt 

Differential  - boom  reference 

Sea  level  to  20,000  ft 

2432  ft/tum 

2432  ft/tum 

2.4  volt/100  ft 

±600  or  ±3000  ft/min 

-20  to  +5(fC 


LM,  EGW,  or  Qm*.  OGE  or  IGE 


2.  The  following  parameters  were  tape-recorded  or  hand-recorded  on  the  ground; 
Earameter  Wominril  CatUaradion  Range 

Wind  speed  stations  1 

through  9 Zero  to  35  kt 


Wind  direction  stations 
1 through  9 


Zero  to  360  deg 


Signal  provided  by  E-A  Industrial  Corporation. 

^N:  Signal  provided  by  National  Bureau  of  Standards 

^T:  Signal  provided  by  Trans-Soniica  Inc.  as  output  from  HLMS, 
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3.  The  following  iMrainetere  were  hand-reconled  on  the  ground: 


Furannieter 

Relative  humiaity 
Etarometric  pressure 
Wiiid  speed  stations  10 
through  12 

V'ind  direction  stations  10 
through  12 


WomiuiJ  CaKIwaitesi  ttwigB 

5 to  99  percent 

13  to  31.5  In;  of  mereuiy 

Zero  to  35  kt 

Zero  to  360  deg 


4.  The  following  parameters  were  displayed  on  the  engineer  panel; 
Parameter  Nominal  CaHHifation  llaaie 


Time  of  day 
Record  counter 
Fuel  flow 
Fuel  used 
Radar  altitude 
Tethered  thrust 

Outside  air  temperature  (total) 
Dew  point  temperatim! 

Sliip's  airspeed 

Siiip'a  altitude 

AHIS  eltitmlo  (AAU-19) 

lilt  inargin/etfectlve  gross  weight 

(FGWVmaxinnirti  standard  tonpe 


Hours,  min,  sec 
Zero  to  127  counts 
Not  calibrated 
0.1  gal/count  to  999.9  gal 
Zero  to  1000  feet  AGL 
Zero  to  5000  lb. 

-10  to  +60TC 
-20  to  +50’c: 

IS  to  140  kt 
-500  to  15,000  ft 
ScR  level  to  20,000  ft 

(Qms) 


S.  The  following  parameters  were  displayed  on  the  pilot  panel: 


ftiramet»>r 

Test  boom  altitude 
Test  boom  airepeed 
Angle  of  ddcJip 
Kotor  speed  (sensilivo) 
Rotor/output  shaft  speed  (ship’s) 
Engine  tornue  pressure 
Comprccscr  speed 
Exhaust  ga*'  tempera  tut  c 
Aircraft  heading  (magp^tic) 

Ait  craft  attitude  (pilch  and  roll) 
latngitudinal  airapeed  (AHJ.S) 
Lateral  airspeed  (AHIS) 

Vertical  speed  (AHIS) 

Vertical  speed  (ship's) 

Fuel  quantity  (ship's) 


Womind  CaHtratioin  Rwiy; 

-500  to.  15,000  ft 
15  to  140  kt 
*45  deg 

220  to  350  rpjM 
Not  calibrated 
Zero  to  50  psi 
60  to  110  percent 
Not  calibrated 
Zero  to  360  deg 
Not  calibrated 
-40  to  130  kt 
±40  kt 

±6U0  or  3000  ft/mln 
Not  calibnebid 
Zen)  to  1100  Ib  (full) 
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Collective  poeitioti 
Pcdftl  poiition 
Laternl  cyclic  petition 
Longitudiiud  cyclic  potitioti 
Tethered  cable  angle 
Tail  rotor  blade  angle 


Zero  (ftill  down)  to  100  p»cent 
Zero  (Ml  left)  to  100  percent 
Zero  (Ml  left)  to  100  peroeat 
Zero  (Ml  forward)  to  100  percent 
130  deg 
>8  to  -t-  23  deg 
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APPINDIX  B.  TMT  BATA 


INDEX 


Fliure 


Airspeed  Calibration  in  Forward  and 
Rearward  Flight  (Basic  Probe) 

Airspeed  Calibration  in  Sideward  .Flight 
(Basic  Probe) 

Effect  of  Sfideslip  on  Airspeed  &tor  (Basic  Probe) 
Effect  of  Qimb  and  Descent  on  Airspeed  Error 
(Basic  Probe) 

Ground  Proximity  Effects  cn  Airspeed  Calibration 
(Basic  Probe) 

Airspeed  Calibration  in  Forward  and  Rearward 
Flight  (Linearization  Applied) 

Airspeed  Calibration  in  Sideward  Flight 
(Linearization  Applied) 

Effect  of  Climb  and  Descent  on  Ainpeed  Error 
(linearization  A;.»plied) 

Effect  of  Sideslip  on  Airspeed  Error 
(Linearization  Applied) 

Gross  W'ight  Effects  on  Airspeed  Calibration 
(Linearization  Applied) 

Ground  Proximity  Effects  on  Airspeed  Calibration 
(lyincarization  Applied) 

Thrust  Effects  <jn  Airspeed  Error 
(Lincurization  Applied) 

Airspeed  Effects  on  Altimeter  Error 
Thrust  Effect  on  Altitude  Error 
Qimb  and  Descent 


1 thiouih  6 

7 through  10 

11  through  IS 
16  through  20 

21  throu]^  25 


32  and  33 
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